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Spatial Structure and Seasonal Variation of Temperature and Salinity in the Early Stage of
Reclaimed Brackish Lake (Hwaong Reservoir). Shin, Jae-Ki, Soon-Jin Hwang!*, Chun-
Gyeong Yoon?! (Korea Institute of Water and Environment, Korea Water Resources

Corporation (KOWACO), Taejon 305-730, Korea; 'Department of Environmental Science,
Konkuk University, Seoul 143-701, Korea)

In order to evaluate the change of aquatic environment in the reclaimed Hwaong
Reservoir, situated in the early stage after construction, this study was conducted to
measure the change of precipitation, temperature, and salinity from June 2002 to
January 2006. The range and mean of temperature was —0.7~33.4°C and 13.6°C,
respectively. Temperature of upstream part rapidly changed during the transitional
period; from spring to summer and from fall to winter. It showed abrupt decrease
with high discharge from the streams temporarily. While, hypolimnetic temperature
of upstream happened to be somewhat higher than that of surface or downstream.
The range and mean of salinity was 0.3~ 32.3 psu and 25.3 psu, respectively. Vertical
difference of salinity was marked, and the change in the surface water was much
higher than middle or bottom layers. It showed the marked difference at all stations,
except for the bottom layer of upstream into which Namyang Stream flows,
indicating that vertical gradient of salinity is strongly sustained in the reservoir.
Salinity was changed markedly during the storm period (June~ October), and
freshwater with low salinity was expanded from upstream to downstream along the
surface layer. The surface of the reservoir was totally covered by the stream
discharged water with a large amount of silt and low salinity during this period. The
difference of temperature and salinity between the surface and bottom layer ranged
-10.6~9.7°C and —27.1~30.0 psu, respectively. The big difference of salinity
appeared with a large discharge of freshwater from the streams or large input of
seawater through the gate. Salinity was negatively correlated with temperature,
indicating the influence of monsoon storm events on the salinity under the whole
watershed scale of this brackish reclaimed reservoir.

Key words : Hwaong reservoir, reclaimed reservoir, temperature, salinity, fresh-
water, seawater, brackish water, Monsoon
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Table 1. General description of land use pattern in the
Hwaong Reservoir Watershed.

Factors\Streams Namyang Jaan Oeun
Agriculture area 6.44 18.26 11.09
(km?, %) (32.40) (34.70) (47.20)
Forest area 10.48 27.60 7.02
(km?, %) (52.70) (52.40) (29.90)
Habitation area 0.34 0.82 4.62
(km?, %) (1.70) (1.60) (19.70)
2 2.64 5.95 0.77
Others (km*, %) (13200  (11.30)  (3.20)
Total (km?) 19.90 52.63 23.50
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Fig. 1. Map showing the sampling stations for the moni-
toring of temperature and salinity in Hwaong Re-
Servoir.
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Table 2. Description of the major sampling stations in Hwaong Reservoir. GPS: global positioning system.

Sampling stations GPS position Description

R1 N37°08'40.5"E126° 44'47.7" Inlet part of Namyang Stream

R2 N37°08'22.0"E126°45'09.4" Inlet part of Jaan Stream

o 71 " o g " Confluent point of Namyang

Hwaong Reservoir R3 N37°07'35.1"E126°43'41.2 and Jaan Stream

R4 N37°05'18.0"E126° 42'56.8" Inlet part of Oeun Stream

R5 N37°06'29.5"E126°42'12.2" Central part of reservoir

R6 N37°06'38.4"E126°41'26.0" Near the dike

7} 11.09km? (47.2%) 2 7} =&
o} (354 714k-A}, 2000, 2001).
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Fig. 2. Monthly variation of rainfall in the Hwaong Re-
servoir Watershed from June 2002 to January
2006. These data were obtained from the Suwon
office, Korea Meteological Agency.

Table 3. Mean values of precipitation in the Hwaong
Reservoir Watershed during the study period.
Plus-minus values indicate standard deviation.

Factors\

sampling years 2002 2003 2004 2005
Total (mm) 9144 1,233.8 1,217.0 1,427.7
Mean+SD(mm) 1524 1763 1014 1190

+186.5 £126.2 +107.3 +124.1

487.3 341.9 382.0 357.5
(August)  (July) (July) (August)

12.2 30.6 2.0 5.7
(November) (October) (October) (January)

Maximum (mm)

Minimum (mm)
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Fig. 3. Spatial and temporal variations of water temperature in Hwaong Reservoir from June 2002 to January 2006. SL:
surface layer, ML: middle layer, BL: bottom layer, respectively.
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Fig. 4. Spatial and temporal variations of salinity in Hwaong Reservoir from June 2002 to January 2006. SL: surface

layer, ML: middle layer, BL: bottom layer, respectively.
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Table 4. Horizontal and vertical distribution of temperature and salinity in Hwaong Reservoir. SD: standard deviation,
SL: surface layer, ML: middle layer, BL: bottom layer.

. ) Temperature (°C) Salinity (psu)
Sampling stations Water layer - -
Mean +SD Max. Min. Mean+SD Max. Min.
SL 16.8+8.5 334 -0.6 19.4+9.6 30.0 0.3
R1 ML 15.6+8.4 30.1 0.5 23.3+8.1 30.6 14
BL 17.8+£7.2 28.8 2.0 23.3+84 315 0.3
SL 12.8+8.2 27.8 1.0 22.8+8.7 30.7 2.9
R2 ML 12.1+7.9 251 1.8 26.8+4.2 31.0 14.4
BL 13.0+7.1 23.7 2.1 28.1+25 31.2 23.0
SL 149495 30.7 0.4 229489 31.0 0.3
R3 ML 14.1+9.1 28.0 0.7 27.0+£3.7 313 12.9
BL 14.3+7.8 25.2 11 27.4+4.8 314 3.1
SL 12.9+8.0 26.2 0.0 249+6.0 30.6 10.8
R4 ML 13.1+7.9 251 -0.2 25.6+4.8 30.7 15.1
BL 13.6+7.6 24.4 -0.1 26.1+4.3 30.7 16.7
SL 11.1+9.1 26.6 -0.4 25.1+6.7 31.0 8.3
R5 ML 10.6+8.6 24.4 -0.4 27.4+3.6 317 19.6
BL 11.2+8.1 24.3 -0.6 28.2+2.7 31.6 22.6
SL 14.5+9.7 30.5 -0.7 241475 31.2 4.8
R6 ML 13.6+8.9 25.3 -0.7 26.0+4.9 319 12.7
BL 13.3+85 24.0 0.0 27.6+£3.1 32.3 20.6
Aot olHd A A3 Ede] dEskA] X{E T G A =2 A (HY) AvFe] Al 2Heske
oujein, T=H Gl 27t FFe] B & FE &+ 24 vepda (4 %5, 2000a)
A GEL 710l e 6~109el] WE Feol
3 A 259 A AGS7E RN s 2 4. 283 Qpo) 527 7o) EA
H= Aol T8t (Fig. 4, Table 5). o] A]7]el &3
o] AL Moz A SPHozRE K4 F FH o AeAd A 233 Ao £ ApolE el
Y A9 =455 (turbidity plume)e2 HYE < 7 Fig. 58} Zrt. 2 zpojel| A ¢ (+)9] k& Hole
el AN = et AL o] AFHe I Fhe] Z Aol F(-)9 &
FEZ A g kAol BEA O] Hojutrm < Holx A2 AFe] 318 o ¥ A9l A3
2 3o A AFEE Febsied #4863 Ax= ApA =22 A - sh zbole] gt W= -106~
ol-g-d 4 e #4 Felt}(Simpson et al., 1978). w} 9.7°Cella, A HF3-S -0.9~1.1°C H$|ZA R6
2 "= zlol7t 2 ot slge] £ A=E R ol A EAL R1oA e} (Fig. 5, Table 6). =3 A4
e vl fgsteh A RIS A% wel SUFel W 233 A30) 9 B= Aol & ek AL Fig 6
FFE W A9 G el Ak Felz fAsESt 3 2ok 239 AF7e] 4R He] WHE 271~
oW 74 i sl Aoz o] HuF: Fge u 30.0psuclg, AW FFHS —3.4~-08psuHI=
Baoiet ol e SHash dl5e) P8 Bw Aol 6% A R2~R3A ¥k, RaslA] H3ieh(Fig. 6, Table 6)
W Falt YA Aol meb Wkl @GR 9ol EB3elA ¥ A 20024 1190 FA5H)
5 1998; 4l -, 2000a; | -5, 2000; ] %, 2003) 22X 1 32 8 g& AZIE 3 AFeA U

U

3] FEAEP
] =2 e BYoh g8 Fx9 o7l Z AS

sopel ks AAE T 9l 7 fodolA et 2 =
o) flake] AL wlaRpEe) 2ol ol o4
1

o uf

e A% AT (4] 5 20008; o] F 2009). F4Th A
Apze] Ane 49 o ue mA4 dedel F 4ol we Al ki

o2 w2 A% (intrusion) WA Felel] A5 WA Solo] dgeima oo W
(o] 5, 2009). 517 Aol A Aol g dgoz et B RS 27l o kel 7P FoF 29l

o

A, 5] ASAE A s R B9 As o= Agabl se] Ao B3N Wbt A
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Table 5. Seasonal distribution of temperature and salinity in Hwaong Reservoir. SD: standard deviation, SL: surface
layer, ML: middle layer, BL: bottom layer.

. ) Temperature (°C) Salinity (psu)
Sampling stations Water layer - -

Mean +SD Max. Min. Mean+SD Max. Min.

SL 13.6+8.0 334 21 26.9+538 31.2 2.7

Spring ML 121474 30.1 25 28.8+2.3 31.9 21.1
BL 121+71 28.8 2.0 29.1+2.2 32.3 20.6

SL 249427 30.7 21.2 17.6+9.4 29.7 0.3

Summer ML 23.4+21 28.6 20.1 23.7+5.6 30.5 2.0
BL 22.6+2.0 27.4 19.6 24.2+6.9 315 0.3

SL 13.8+6.4 24.9 21 21.7+75 30.0 1.2

Autumn ML 13.8+6.9 25.1 1.9 23.6+5.6 29.8 1.4
BL 15.1+5.9 23.6 2.0 25.0+45 29.4 1.6

SL 3.6+25 9.1 -0.7 28.2+35 31.2 155

Winter ML 3.8+26 10.3 -0.7 29.6+1.6 313 24.5
BL 52+4.6 19.7 -0.6 30.0+1.1 31.4 27.6

= (3 &, 2000). =
ooz B A zelA RAT 4T Skl

o
1o
_)‘J_ll
o
rlr
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s
[=Y
<
'e)
2]
ofjr
o
ofN
>

o2 & o dFE YA 25psu |5t

%) 7} 2 B¥39 3 R1oA T 20 psu ]38} T} (Fig. 7). R2
=g ApAIW L] 8 W e RRE fYEE o] 79+ R1F} wpaIA| 2 A9 Aol st
ol &3l o] A&AH oz FaHY, oS ZRE 4 R3¢} B8 ¥ F2F Hol: A2 T4V A9}
7} S =EEA G5 W3t Fo] FASM AAA =, e A (AR FelA AFEew whie] =4
Bl A Yo el Q¥ Hd kel A b Hel vlmA 1E o] o] Foix]7] wjFe]slHh R6
s EE S BolA o7 %, 1998; 3 %, 2000; + dAZ RAMT= R1~R39| %8k t]S o] v
7 5, 2002). A|3t5e] A, v 3] gl o 3 7oz FAESI, R P47 F-U = AR A
F7F gl uet AEE GRe] £2H zpelrp A E g2t GA HAE AY F2E 7T 9l 2459
2p ApelAHAl A Fe] ZA okFEE BIarEsl (3 ko] FAs AEHE & 5 U Bo=, R5E
1998; # &, 2000). FE2FAll = AR TH47) 93 A A 8] FAlRe| d|FEte] pAle] M P2 oA
2 25 ARFAE 2 AR Qs vt A 22N M 2 yEF A =3 g2 A
FANRE FHE =S w53 AS1A]l A7) o F of wla] $AY] kAol Hda ¥ Ao FHrHHI
o231 9lct A4} 9js)|zte] B mIto = RE] A9 3, 43 B NE 42 AR 5 xjo|7} 7P He
fraAd el velH, Al3tse] A9 HF fde] oF 5em Aol A S = o] 2]}
sect o]3lo] 9l 1, f3F= FHFAHH(F 5, 2000) 23 Qo] S5 FA@H 2EAA ] o3 AA

A A5 HAAZE Jebd A Fig. 83 3t Al A wp

5 223 Aol A5 A 23 g HF3k Aele 47 21.8°C, 124 psu
o]k 0] HAFL dEA-H w3 HAAE zgte

T3 9% v=Y A 2 5 G =54 ), AHel = At 725 B o]2dh o o
A5 ol g3l AZ ARAE vepd AL Fig. 73 2 FA-e 25 ] 53 d¥%= ot A, F7]
ok 23 980 #AE o AW E B, 5 20 Al v pARE oS 3HA > AeellA AR 4
e 5 Q8 T B BAAE Bevh 29 A Ze nojckslel] wpE AEEIE] W] Sx=
Zk el 7.2°Col9lar, FH2 8.8psuolyion EobA] elof] Higt AL Sl =A F7)el wet
o A% =] A= el 2 ubde) 3R 2 A A Fpet sl4e] w3 )= Zhgoll 23t oJ3ko)
= Ad dE =9 Aot B ok oA 5 & I E 4 o 53], 2576 sjdshs AL o
qFT A1) polz E 4 9N, A1 fsAd 2 < FZEH vk E A, Azt Aol7) Aue A
Ask A=A o] AUk (Al &, 2000a). sl Fdol odke] AFEZIA PRI oS A
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Fig. 5. Spatial and temporal variations of the temperature difference between surface layer and bottom layer in Hwaong
Reservoir from June 2002 to January 2006.
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P
ol

Hlolot ¢ AR

o|uf Aol fAle] wi- ofstg o my Hapel sE
F71H oz w3sla 9le AA gl (Hwang et al.,
2003). 7]E2] A st A 3PS 9 A =
A Fgel met o] a4 3 2goz mn|E
HtedE| g ont, s 2AE 9% A 27)d ohekst
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Fig. 6. Spatial and temporal variations of the salinity difference between surface layer and bottom layer in Hwaong
Reservoir from June 2002 to January 2006.
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Ngel A4H oz Balst F7)5h el AV 44 FAHE WAbe] welsle]of T,
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Fig. 7. Scatter plot of relationship between water tem-
perature and salinity in Hwaong Reservoir from
June 2002 to January 2006. R1~R5 indicate sam-
pling stations within reservoir. S: surface layer,
M: middle layer, and B: bottom layer, respectively.

Table 6. Comparison of differences of temperature and
salinity between surface and layers at six sta-
tions of Hwaong Reservoir. SD: standard devia-
tion.

Temperature (°C) Salinity (psu)

Sampling
stations Mean+SD Max. Min. Mean+SD Max. Min.
R1 -0.9+32 46 -106 -3.0+7.3 29.6 —21.8
R2 -0.1+26 6.1 -105 -34+6.1 0.1 —-21.8
R3 0.6+3.2 93 -83 —-34+86 299 -27.1
R4 -05+14 18 -52 -0.8+20 0.7 -9.6
R5 -0.1+26 49 -105 -2.0+4.1 0.2 -17.7
R6 1.1+24 9.7 -11 -24+8.2 30.0 —20.2

7}43}51A =t} (Han and Park, 1999; A1 5, 2000b). ©]
23 WAhe A B9k AR B oA st A
T 8lE A3 (lagoon)ol| Al BIMSHA #EEE Fto
o} (Medina-Gomez and Herrera-Silveira, 2003; Newton
and Mudge, 2003). =3}, AJ3} 52 797} d =A<l AH
2 5 471 ok AlEsE £ 4] ¥ vk of
b Ap-gagell nlsl fieke] Mol 243t FAelA
D7)7hel FEe] AL o= gd Ae] P AAA
ol £ 0l 91eh (31, 1998; o], 1999). & 433} 24 e)
A wodrte v g IR, ol F Bt 27
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Fig. 8. Seasonal pattern of relationship between water
temperature and salinity in Hwaong Reservoir
from June 2002 to January 2006. Sp: spring, Su:
summer, Au: autumn, Wi: winter, S: surface layer,
M: middle layer, and B: bottom layer, respectively.
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